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E=F 598 2,356 tetrahydroimidazo(2,1-b] [1,3]oxazole (TIO) £ B]Tﬂ.o}oﬁ 6931 2,5,6,7~tetrahydro—
3H~imidazo (2,1-b} [1,3] oxazine (TID 7} FERM-A0] W& AHS /dslaxt 25e] gl 38 44
ot A, #H22] FEUFHCE methyl trifluoromethanesulfonate MeOTH-& ZAAAE AREE #40) H& UER
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Abstract: The ring—opening isomerization polymerization behavior of 2,5,8,7 —tetrahydro—3H—imidazo
[2,1-b] {1,3]oxazine (TID) has been studied under various conditions. The present study aimed at improving
the low polymerizability of the above monomer (six—membered ring) up to a level comparable to that
of 2,5,6—tetrahydroimidazo[2,1~b] [1,3}oxazole (TIO) (five—membered ring). The optimum result could be
observed when methyl trifluoromethanesulfonate (MeQTf) and nitrobenzene were used as an initiator
and a solvent in the polymerization at 60 C for 24 h. Polymers were confirmed by *H NMR, ¥C NMR
and IR measurements. The molecular weight obtained by gel permeation chromatography (GPC)
corresponded to the molecular weight theoretically calculated from the feed ratio. The melting
temperature (7;) of TII was conspicuously different from that of TIO, because of the difference in the
alkyl group.

Keywords: isomerization polymerization, six—membered ring, polyurea, ring—opening polymerization,
melting temperature.
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Scheme 1. Synth651s of poly (1,3—oxazolidin—2—one—1,2—diyl—
ethylene) (polyTIO).
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Scheme 2. Synthesis of poly {1,3—oxazolidin—2—one—1,3—diyltri—
methylene) (polyTID).
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&3, 'H NMR% *C NMR 22282 Varian Gemini—2003}
Bruker ARX~500 NMREA7 15 AMg8lo] SAdsiolon, Z44E
< A8 20 mgs BFEARA A3 tetramethyisilane©] 0.03%
7V 2909 FEERTE 0.7 mLd $3AA ZASIE R 5782
Shimadzu(Japan) 224354 FTIR 8000 pcg ARgslo, 2
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U—620 ZH o og JAlg A o AMslg] o '/L‘é 2 TOSOH
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PEAA AREI S Aol $245 5 Cming A
AEITE TGA 274 Shimadzu DT—30-8 ARg310, A& °F 1 mg
S 7R b vidst 8700 Wi Adst 3719 RPN &
LET 15 Umin® 2 AABIITE
1-(3-Chloroproryl)-2-Imidazofidinone®| &A. N—(3—hydr—
oxypropyl) —ethylenediamine 3.0 g(0.025 mol) ¥} urea 1.5 mg
(0.025 mol) & 50 mL 2] Zep=o) ¥ol oil bath 5 140 CTelA 4

AZF wHYEREA REEAIL Al 7R WA st 30 mL
& Arkslod, thionyl chioride 1.82 mL(() 025 mo)& 5 T #Ie)
LIS HErEA AAls] Mzl 20A PR Nk F
ul& AAgk 25 deield Aok "‘OPO Hovdele] 2d&

ofgelg| 25 ALgs}o] ?Héx”\]’“ﬂ olell FAle] WA A
1—-(3- chlomproryl) —imidazolidinone 2.4 g& YA} (F
&1 59%). $4 1116 C(DSC) "H NMR(CDCly) : 6 2.05(m;
CHoCHoCH,), 3,42(t ; CHoCD), 3.58(t ; NCHoCHoN) ppm. [R
(KBr) : 3225, 2954, 2879, 1689(C=0), 1497, 1443, 1365,
1273, 1080, 756, 721 cm ™,

2.5,6,7-Tetrahydro~3H-imidazo{2,1 -b][1,3loxazine(TIHSl &4
FABPPEF(NaH, 60% 293 1.1 g(0.018 moD & 50 mLL &
ghA o) Yy 25415 2% dimethoxyethane (DME) 20 mLS 4
7810l doAare) ol WJ2aAIZ] 3, 30 mLe DME®] 1.0 g(0.0061
mob) 2] 1—(3—chioroproryl) —2—imidazolidinone & -3iA|A, o] &
HE 5 T 258 FAJ8K= WA Foll Xx18] Hetrrint Fskss
L iR 2AE @mEAZ) £ ol bath £2] 60 TolA] 14417+
7tdsglet, s8-8 %“i} A7 F, TGS HUslel At
FHAIA 0.24 g0 TIE FATHEE 1 37%). §3 38 TOSO).
vl 140 C/1.7 Tort. "H NMR(CDCL) © 52.04(m ; H3), 3.16( ;
H4), 3.37(t ; H6), 3.56(t ; H7), 4.18(t ; H2) ppm. “C NMR
(CDCly) : 621.75(C3), 43.85(Ch), 51.62(C7), 66.52(C2}, 162.08
(C9) ppm. IR(CHCly) : 2943, 2859, 1628(C=N), 1442, 1275,
1028, 960, 789 cm .

8-Methyi-2,5,6,7—tetrahydro-3H-imidazo{2,1~b][1.3]oxazinium
o 8. 50 mLe ZhiTel 10 mLe] 222 %59 MeOTE 040
ml.(0.3 mmoh) & W3 AS4eelA] mekA7]EA], 5 mLe %"Eﬁl
SEEo| TI 88.3 mg(0.70 mmoD)-& §3A171 g8 5 Tl &5
FAER WA Fofl AAE] AL F 0 Tolld 304 TRt 7, ‘%P
S-golof] FAkS 10 mL F7IIgick SR Bk aIES AlAg
Y ouAke) AVGES AFAFAIRC Ss)] F412) Azl IRl

AL A9ck 'H NMR(CDCl) 1 §2.97(s s CHy), 3.51(t 3 H4),
3.80(t ; H6Y, 3.97( s HT), 4.69( : H2) ppm.

TIe| & A3t AAE-Y7]elA T 64 mg(0.51 mmob), 0.5
mL YEZa 2 AAARA MeOTE 0.57 uL{0.005 mmo) & &
ot F, EFENE 60 Tolr] 241 mkslHA] 7HaA A whg-&
sk R § -GolERE gl AAE Slsled T o
ool gl NhE-golS AalAlA, RS HAgl <ja) wiay
) 14 Z2JeiE Agick TH NMR(CDCl) @ 61.73, 3.21, 3.33 ppm.
BC NMR(CDCl): 626.0, 41.8, 43.0, 161.4 ppm. IR(KBr) : 3445,
2840, 1686{(C=0), 1494, 1435, 1267, 758 cm L
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Scheme 3. Synthetic route of 2,5,6,7 —tetrahydro—3H—imidazo
{2,1-b111,3) oxazine (TID) from ethylenediamine.
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Figure 1. 500 MHz 'H NMR spectra of TII{CDCIy/TMS).

=20, A3549 A4%, 20119

e
flxjel Agkel vlgaleky col ALHE L, 63.377 3.562] ElE

g9 TIOY) #AE7 o9l (mine) B Aagxlel] A¥sla U=
w2l o] ko ApgEel] AIZERE VARNE 3569 =7t
olwld Aaixlel] AgRE wdEleke] eol, 12lar 3.372] ¥]=7} v
galdel dof) ALEgdel w3 § 4.182) ExlEuiart ExvEdl
Hof Q) Abagilel] AEsk vigd#de] adl] ALHCE o2
TIOS 1 9 spshA | ZEZRE] SRIEIT)

T 54%} 1 3—oxaza 87 2—imidazoline -8 F58F [4.3.0]
2 zoltk Qe ojnxdE2 &5, 5,6—dihydro—
4H~-1,3—oxazine S U¥HA 0 2 Fn|E3o] 27| wjiel 5-eghde]
e E70) 31rERr) whgAdo) vtk o)9 v R Til= TIO

narste] HEEEgel tisk wisXde] AgEeiet ek TIOS

APE A T X2 $ETL DSCY B zREE &<
it} Figure 2% TIEEEA| ] DSCEHFA R TS §7del 2
F99)zE 38 € Faod] BEuIglo, ot ExR 71
J&3tol] <Jal T Apkal oz Fglo] Zlesgicy ol go] 7
oJgt 2pAlQl Z3He TIO W thE 3y pseudo ureac]] tfalo]
P& Folth TIo) B8 Z5 (Ui) & AFHA0TTH
—12.9 keal/mol9)-& Fel3}$ 09, o= 2—methyl—2—oxazoline
(—6.4 keal/mol) $} 22 A3l 598k Tk ol iefH|2e] F
garth- g4 =7 el TIE 1-3-oxazadighEo] AW &4
gt 7hslo| A BlEgtel) thet & whgAdo] 7otk

Tiel Yol OlAdEt MHEEE. TIO FE2Ae} v, AEsl/]
2310 TIIY) ol o3 MEETE TIOS viss skl =,
FIAIALEE methy] trifluoromethanesulfonate MeOTD B
toluenesulfonate MeOTs) & ARgsto] golle VEZHA S22
T2 = EHoA A, 7 AaHE Table 1] WERASI:

THY) kol o8} MBS 5 E5re) Suislelr Aasiale.
UL SR RN 35 €8 2 A oR o] ki, 24
A7t F0) 8% Ykt Run 1), 28U TIO9) S8 322 3700
A 787 Do) 8] TIoS wwsied TS F3de] Bt &
& AL FRIBII, WEE S EREER §9 $2 60 T
o] ZeRe ghAlalA) wkEA] AsiEe] 35 Colis Fgo] 18 ofFo
AR sk [Mp)/ B =50091% F&o] Ads] Aggs &
it AAE o 8, ¥R 25 35 T2 ZA9urke 7ixd 7
gelslgiovy, GPColl 2Jall Alkel EAiske AAAAleh o] A
o] olal) AP olEuknt) W Ao R S]iTje} o] Aol

m

=)

%

bt

g
2 rfoy

2,
1o

+

ol 3 o

AHj, -12.9 keal/mol

{/ mp,38 T

)l’{%il 1ii\i!£b!§§

0 50 100 150 200
Temperature(°C)

endotherm <@g exotherm

Figure 2. DSC thermogram of TU with a heating rate of 2 T/
min under nitrogen.
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Table 1. Ring-Opening Polymerization of TII

Temp. Yield M2, M, M,
No Sobvent ooy DM @y ey MM Ry (thero)
1 CHCh 35 50 60 4100 14 4000 3800
2 CHCL 35 100 32 2700 17 3000 4100
3 CHCl; 35 500 0
4 CHCl, 60 50 B8 4200 1.3 7000 4300
5 CHCl, 60 500 86 7700 14 13300 54000
6 PINO; 60 50 96 3000 16 3100 6000
7 PNO; 60 100 87 6700 16 8600 11000
8 PhNO, 60 500 92 27700 14 60300 58000

«w>

PhXO; 80 50 o4 3100 1.4 3200 3400
10 PhNO, 80 100 52 6300 14 7400 6600
11 PhNO, 80 500 66 11700 1.8 38000 41000
“Polymerization time is 24 h and initiator is MeOTT, [M]y=1.0 M.
*Determined from GPC with polystyrene standards. ‘Determined
from "H NMR SPECIrOSCOPY.
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Figure 3. 500 MHz '"H NMR spectra of poly TII (a); Me—TII (b)
(CDCL/TMS).
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Table 2. Results on the Polymerization of TII and TIO in Chloro-
form”

- b
No. Monomer T(eﬂrgl)p. Mo/l Y(;eOl)d (C]}\If]C) MM

1 TII 35 50 60 4100 14
2 TII 35 100 32 2700 1.7
3 TII 35 500 0

4 TIO 35 50 100 8700 1.1
5 TIO 35 100 100 15000 1.1
6 TIO 35 500 100 32000 1.5
7 TI 60 50 68 4200 1.3
8 TII 60 500 86 7700 14
9 TIO 60 500 100 5200 1.4

“Polymerization time was 24 h and initiator was MeOTf, [My=1.0 M.
"Determined from GPC with polystyrene standards.

Me, TfO
N o \N A0
ﬁ/ Seq.McOTf ﬁr/
—_— i
</N N
TIL Me-Tll

Scheme 4. Synthesis of 8—methyl—2,5,6,7—tetrahydro—3H—
imidazo[2,1—b] [1,3]oxazinium triflate Me—TII).
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Table 3. Solubilities of Polyureas

Solvent PolyTII PolyTIO
Toluene - -
Chloroform +
Dichloromethane -
Diethyl ether
THF
Dioxane
Acetone
Nitrobenzene
Nitromethane
Benzonitrile
Acetonitrile
NMP
DMSO
DMF
Ethanol
Methanol
m—Cresol
Water
CF3COOH
CF3SOsH
Conc.HaSO,

At r.t; +; soluble, £ partly soluble, — | insoluble.
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Figure 4, DSC thermograms of polyTII with a heating rate of
5 C/min under nitrogen.
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Figure 5. TGA profiles of polyTII measured under nitrogen (—)
and under air (——) with a heating rate of 15 C/min.
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